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Description 

Detailed Description of the Invention 

5 This invention relates to a catalyst for purifying exhaust gases from internal combustion engines of 
automobiles, etc., and to a process for production thereof. 

More specifically, this invention relates to a catalyst for purifying exhaust gases, essentially comprising 
a substantially catalytically inert, refractory monolithic support, an inside layer containing a catalytically 
active refractory oxide on the support, and an outside layer containing a catalytically active refractory oxide 
70 on the inside layer, and to a process for production thereof. 

A catalyst comprising a support and two or more layers of refractory oxide thereon is known. 
For example, Japanese Laid-Open Patent Publication No. 145381/1975 discloses a catalyst-supported 
structure for purifying exhaust gases comprising a thermally insulating ceramic carrier and at least two 
layers of catalyst-containing alumina or -zirconia, the catalysts in the catalyst-containing alumina or -zirconia 
75 layers being different from each other. 

Japanese Laid-Open Patent Publication No. 105240/1982 discloses a catalyst for purifying exhaust 
gases containing at least two kinds of platinum-group metals, said catalyst comprising at least two carrier 
layers of a refractory metal oxide containing one kind of the platinum-group metals of different kinds and as 
required, a layer of a refractory metal oxide free from the platinum-group metal between the carrier layers 
20 and/or on the outside of these carrier layers. 

Japanese Laid-Open Patent Publication No. 52530/1984 discloses a catalyst having a first porous carrier 
layer composed of an inorganic substrate and a heat-resistant noble metal-type catalyst deposited on the 
surface of the substrate and a second heat-resistant non-porous granular carrier layer having deposited 
thereon a noble metal-type catalyst, said second carrier layer being formed on the surface of the first carrier 
25 layer and having resistance to the catalyst poison. 

Japanese Laid-Open Patent Publication No. 127649/1984 discloses a catalyst for purifying exhaust 
gases, comprising an inorganic carrier substrate such as cordierite, an alumina layer formed on the surface 
of the substrate and having deposited thereon at least one rare earth metal such as lanthanum and cerium 
and at least one of platinum and palladium, and another alumina layer formed on the aforesaid alumina 
30 layer and having deposited thereon a base metal such as iron or nickel, at least one rare earth metal such 
as lanthanum, and rhodium. 

Japanese Laid-Open Patent Publication No. 19036/1985 discloses a catalyst for purifying exhaust gases 
having an enhanced ability to remove carbon monoxide at low temperatures, said catalyst comprising a 
substrate composed, for example, of coerdierite and two layers of active alumina laminated to the surface of 
35 the substrate, the lower alumina layer containing platinum or vanadium deposited thereon, and the upper 
alumina layer containing rhodium and platinum, or rhodium and palladium, deposited thereon. 

Japanese Laid-Open Patent Publication No. 31828/1985 discloses a catalyst for purifying exhaust 
gases, comprising a honeycomb carrier and a noble metal having a catalytic action for purifying exhaust 
gases, the carrier being covered with an inside and an outside alumina layer, the inside layer having more 
40 noble metal adsorbed thereon than the outside layer; and a process for production of this catalyst. 

Japanese Laid-Open Patent Publication No. 232253/1985 discloses a monolithic catalyst for purifying 
exhaust gases being in the shape of a pillar and comprising a number of cells disposed from an exhaust 
gas inlet side toward an exhaust gas outlet side, an alumina layer being formed on the inner wall surface of 
each of the cells, and catalyst ingredients being deposited on the alumina layer, the alumina layer 
45 consisting of a first alumina layer on the inside and a second alumina layer on the surface side, the first 
alumina layer having palladium and neodymium deposited thereon, and the second alumina layer having 
platinum and rhodium deposited thereon. 

None of the above-cited patent documents disclose a two-layer catalyst comprising an inside layer 
containng a catalytically active refractory oxide, the inside layer containing cerium oxide and platinum as 
so essential ingredients and having a weight of 10 to 200 g per liter of the catalyst, and an outside layer 
containing a catalytically active refractory oxide, the outside layer containing a zirconium compound and 
rhodium as essential ingredients and having a weight of 5 to 60 g per liter of the catalyst. 

It is known that rhodium exhibits an important catalytic action in the purification of exhaust gases 
containing carbon monoxide, hydrocarbons and nitrogen oxides. Many exhaust gas purifying catalysts 
55 comprising rhodium are known. 

Rhodium is one of those platinum-group catalysts whose resources are particularly greatly limited. 
Furthermore, since the price of rhodium is high, it is desirable to minimize the amount of rhodium used in 
producing exhaust gas purifying catalysts while making use of the characteristics of rhodium as a catalyst. 
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From this standpoint, none of the previously known rhodium-containing catalysts for purifying exhaust gases 
prove to be satisfactory. 

It is an object of this invention to provide a catalyst which exhibits the catalytic characteristics of 
rhodium as much as possible and minimizes the amount of rhodium. 
5 It is another object of this invention to provide a process for producing the aforesaid rhodium-containing 
catalyst. 

The above object is achieved by a catalyst for purifying exhaust gases essentially comprising a 
substantially catalytically inert, refractory monolithic support, a first layer containing a catalytically active 
refractory oxide on the support, and a second layer containing a catalytically active refractory oxide formed 
w on the first layer, characterized in that 

the first layer contains cerium oxide and platinum and has a weight of 10 to 200 g per liter of catalyst, 

and 

the second layer has a weight of 5 to 60 g per liter of the catalyst, and contains i) rhodium in an 
amount of from 0.002 to 2 g per liter of catalyst, and ii) a zirconium compound. 
75 Preferably, the support has continuous longitudinal unobstructed flow channels each extending through 
the support and defined by a thin wall, the first layer is deposited on the walls of the channels, and the 
catalytically active refractory oxide of one or both layers is finely divided and has a specific surface area of 
at least about 10 m 2 /g. 

The other object of this invention is achieved by a process for producing a catalyst as described above 
20 which comprises depositing a first slurry containing a finely divided catalytically active refractory oxide 
and/or its precursor, cerium oxide or another cerium compound, and platinum or a platinum compound on a 
substantially catalytically inert refractory monolithic support, drying the support having the first slurry 
deposited thereon, thereafter depositing a second slurry containing a finely divided catalytically active 
refractory oxide and/or its precursor, zirconium oxide or another zirconium compound and rhodium or a 
25 rhodium compound on the support, and calcining the support having the second slurry deposited thereon. 
The present invention will be described below in detail. 
[A] First, the catalyst of the invention for purifying exhaust gases will be described. 

The catalyst of the invention for purifying exhaust gases essentially comprises a substantially catalyt- 
ically inert refractory monolithic support, a first layer, i.e. a lower layer, formed on the support and 
30 containing a catalytically active refractory oxide, and a second layer, i.e. an upper layer, formed on the first 
layer and containing a catalytically active refractory oxide. 

That the support is "substantially catalytically inert" means that at least a greater part of the catalytic 
activity of the catalyst of this invention depends upon the catalytic activities of the first and second layers, 
and does not have to depend upon the catalytic activity of the support. Of course, the support itself may be 
35 catalytically active. 

The support may be made up of, for example, a refractory metal oxide, or a refractory metal. Examples 
of the refractory metal oxide include cordierite, mullite, alpha-alumina, sillimanite, magnesium silicate, 
zircon, petalite, spodumene and aluminosilicates. Examples of the refractory metal include refractory iron- 
base alloys such as stainless steel and Fecralloy, refractory nickel-base alloys, and refractory chromium- 
40 base alloys. A support composed of cordierite is one of the most desirable supports. 

The support is of a monolithic structure and preferably has continuous longitudinal unobstructed flow 
channels each extending through the support and defined by a thin wall surface. The thickness of the wall 
may be small to any extent so long as the support has strength required of the final catalyst. 

A first layer (inside layer) containing a catalytically active refractory oxide is deposited on the support, 
45 eg. on the walls of flow channels in the support. Examples of the catalytically active refractory oxide 
constituting the first layer are active alumina, alpha-alumina, silica, silica-alumina and titania. Active alumina, 
for example gamma-alumina, is preferred. Desirably, the active alumina has a specific surface area of 10 to 
300 m 2 /g. The weight of the catalytically active refractory oxide is usually 7 to 160 g, preferably 20 to 130 
g, per liter of the catalyst. The catalytically active refractory oxide may occupy 50 to 95% by weight, 
50 preferably 60 to 85% by weight, of the first layer. 

The first layer containing the catalytically active refractory oxide contains cerium oxide and platinum as 
essential ingredient. The weight of cerium oxide is preferably 5 to 100 g, more preferably 8 to 50 g, per liter 
of the catalyst. Cerium oxide preferably occupies 5 to 50% by weight, more preferably 15 to 40% by 
weight, of the inside layer. Desirably, cerium oxide has a specific surface layer of 10 to 300 m 2 /g. 
55 The weight of platinum may be any weight so long as the required catalyst activity can be obtained. 
Usually, it is 0.01 to 10 g, preferably 0.1 to 3 g, per liter of the catalyst. 

The first layer containing the catalytically active refractory oxide, cerium oxide and platinum has a 
weight of 10 to 200 g, preferably 20 to 180 g, more preferably 40 to 100 g, per liter of the catalyst. 
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If the first layer does not contain cerium oxide, the catalyst has a greatly decreased rate of removal of 
carbon monoxide and hydrocarbons. 

A second layer (outside layer) containing the catalytically active refractory oxide is further deposited on 
the first layer. The catalytically active refractory oxide constituting the second layer may be the same as the 
5 catalytically active refractory oxide constituting the first layer. 

The weight of the catalytically active refractory oxide in the second layer is preferably 5 to 55 g, more 
preferably 10 to 50 g, per liter of the catalyst. The catalytically active refractory oxide may occupy 50 to 
95% by weight, preferably 70 to 90% by weight, of the second layer. 

The second layer containing the catalytically active refractory oxide contains zirconium oxide and 
w rhodium as essential ingredients. The weight of zirconium oxide is preferably 1 to 20 g, more preferably 2 
to 15 g, per liter of the catalyst. Zirconium oxide preferably occupies 5 to 50% by weight, more preferably 
10 to 30% by weight, of the second layer. 

The weight of rhodium may be any weight so long as the required catalytic activity is obtained. Usually, 
it is 0.002 to 2 g, preferably 0.02 to 0.7 g, per liter of the catalyst. 
75 The weight of the second layer containing the catalytically active refractory oxide, zirconium oxide and 
rhodium is 5 to 60 g, preferably 7 to 45 g, more preferably 7 to 40 g, per liter of the catalyst. If the weight 
of the second layer exceeds 60 g, the resulting catalyst has a rapidly decreased ratio of removal of carbon 
monoxides, hydrocarbons and nitrogen oxides. 

If the second layer does not contain zirconium oxide, the catalyst has a reduced ratio of removal of 
20 carbon monoxide and hydrocarbons. 

If the first layer does not contain cerium oxide and the second layer does not contain zirconium oxide, 
the catalyst has drastically decreased ratios of removal of carbon monoxide, hydrocarbons and nitrogen 
oxides. The decrease in the ratio of removal of hydrocarbons in this case is especially remarkable. 

In the present specification, the thicknesses of the first layer (lower layer) and the second layer (upper 
25 layer) of the catalyst are calculated on the basis of the catalyst model shown in Figure 1 . 

In the catalyst of this invention, the first layer has a thickness of 5 to 110 microns, and the second layer 
has a thickness of 3 to 35 microns. 

[B] The process for producing the exhaust gas purifying catalyst of the invention will now be described. 
Preparation of a slurry (slurry I) for the first layer (lower layer):- 
30 A finely divided catalytically active refractory oxide is put in a mixer. It may be introduced together with 
its precursor. 

The precursor of the catalytically active refractory oxide, as used in the present specification, denotes a 
substance which yields a catalytically active refractory oxide when calcined. 

Active aluminas such as gamma-alumina may be used as the finely divided catalytically active 
35 refractory oxide. Examples of the precursor are alumina hydrates such as gibbsite, bayerite, nordstrandite 
and boehmite. 

The finely divided catalytically active refractory oxide and its precursor may have a particle diameter of 
1 to 100 microns, preferably 1 to 50 microns, especially preferably 1 to 30 microns. 

A plantinum compound such as hexahydroxoplatinic acid and chloroplatinic acid is added to the finely 
40 divided catalytically active refractory oxide. The platinum compound may be added little by little or at a 
time to the finely divided catalytically active refractory oxide while they are stirred by a mixer. The platinum 
oxide may be added as a solution such as an aqueous solution or a suspension such as an aqueous 
suspension. Preferably, the platinum compound may be added as an aqueous amine solution of hex- 
ahydroxoplatinic acid. The amount of the platinum compound added may be 1 to 100 g calculated as 
45 platinum, and 100 ml to 500 ml as the solution of the platinum compound, per kilogram of the finely divided 
catalytically active refractory oxide. 

Then, a solution of acetic acid, preferably a 10-20% acetic acid solution, is added to the mixture 
containing the finely divided catalytically active refractory oxide and the platinum compound. Preferably, the 
acetic acid solution is added little by little while this mixture is stirred by a mixer. The amount of the acetic 
so acid solution added may be 100 to 300 ml per kilogram of the catalytically active refractory oxide. 

The resulting refractory oxide containing the platinum compound, cerium oxide, acetic acid and pure 
water are introduced into a mill and pulverized to form a slurry. The amount of cerium oxide is 50 to 500 g, 
preferably 150 to 400 g, per kilogram of the refractory oxide. The amount of acetic acid may be 40 to 100 
ml per kilogram of the refractory oxide, and the amount of pure water may be 440 to 1100 ml per kilogram 
55 of the refractory oxide. 

The average particle diameter of the refractory oxide and cerium oxide in the slurry is adjusted to 0.1 to 
10 microns, preferably 1 to 5 microns, by the above pulverization in the mill. 
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The resulting slurry is transferred to a vessel, and pure water is added to form a slurry having a 
predetermined specific gravity which may, for example, be 1.20 to 1.75 g/ml. 

The slurry I can be easily deposited not only on the refractory metal oxide support, but also on the 
refractory metal support, by adjusting its specific gravity. 

5 

Deposition of the slurry I on the support 

The slurry I is deposited on the support described in section [A] above. It may, for example, be a 
monolithic cordierite carrier such as a cylindrical monolithic carrier (diameter 93 mm; length 147.5 mm; 

70 volume 1 .0 liter; 46.5 cells/cm 2 [300 cells/ in 2 ]). The slurry I is deposited on the support for a period of, for 
example, 1 to 60 seconds, preferably 3 to 10 seconds, and the excess of the slurry I in the cells is removed 
by a stream of air. Then, at least 50% of water, preferably at least 90% of water, is removed from the 
support having the slurry I deposited thereon by hot air, preferably hot air at 20 to 100* C. After water is 
removed, the support may be calcined in air at 200 to 900 °C, preferably 300 to 800 °C, for 10 minutes to 

75 10 hours, preferably 15 to 60 minutes. When the temperature of the support is gradually raised in the 
calcination, the above drying (the removal of water) may be omitted. 

By the above slurry deposition step, the platinumcarrying alumina and cerium oxide may be deposited, 
for example, in an amount of 5-160 g and 1-60 g, respectively on the support, for example the monolithic 
carrier. 

20 Preparation of a slurry (slurry II) for the second layer (upper layer):- 

A finely divided catalytically active refractory oxide is introduced into a mixer. This refractory oxide may 
be identical with, or different from, the refractory oxide used for preparation of slurry I. A precursor thereof 
may be introduced together into the mixer. 

Active aluminas, such as gamma-alumina, may be used as the finely divided catalytically active 
25 refractory oxide. Examples of the precursor include alumina hydrates such as gibbsite, bayerite, nordstran- 
dite and beohmite. 

The finely divided catalytically active refractory oxide and its precursor may have a particle diameter of 
1 to 100 microns, preferably 1 to 50 microns, especially preferably 1 to 30 microns. 

A rhodium compound such as rhodium nitrate or rhodium chloride is added to the refractory oxide. The 

30 rhodium compound may be added little by little while the refractory oxide is stirred by a mixer. 
Alternatively, it is possible to add it all at a time, and then stir the mixture. The rhodium compound may be 
added as a solution, for example an aqueous solution, or a suspension, for example an aqueous 
suspension. Examples of preferred rhodium compounds are rhodium nitrate and rhodium chloride. The 
amount of the rhodium compound added may be 0.2 to 50 g calculated as rhodium, and 100 ml to 500 ml 

35 as the solution of the rhodium compound, per kilogram of the refractory oxide. 

Subsequently, an acetic acid solution, preferably a 10-20% acetic acid solution, is added to the mixture 
of the refractory oxide and the rhodium compound. Preferably, the acetic acid solution is added little by 
little while the above mixture is stirred by a mixer. The amount of the acetic acid solution added may be 
100 to 300 ml per kilogram of the finely divided catalytically active refractory oxide. 

40 The resulting finely divided catalytically active refractory oxide containing the rhodium compound, a 
zirconium compound, acetic acid and pure water are introduced into a mill and pulverized to form a slurry. 
The zirconium compound used in this invention may, for example, be zirconyl acetate or zirconium 
hydroxide. The amount of the zirconium compound is 50 to 500 g, preferably 100 to 400 g, per kilogram of 
the refractory oxide calculated as zirconium oxide. The amount of acetic acid may be 40 to 100 ml per 

45 kilogram of the refractory oxide. The amount of pure water may be 440 to 1100 ml per kilogram of the 
refractory oxide. 

The refractory oxide in the slurry obtained by the above pulverization has an average particle diameter 
of 0.1 to 10 microns, preferably 1 to 5 microns. 

The resulting slurry is transferred to a vessel, and pure water is added to form a slurry II having a 
50 predetermined specific gravity which may, for example, be 1 .05 to 1 .40 g/ml. 
Deposition of slurry II on the support having slurry I deposited thereon: 

The slurry II is deposited on the support on which slurry I has already been deposited. The slurry II is 
deposited on this support for a period of, for example, 1 to 60 seconds, preferably 3 to 10 seconds, and the 
excess of the slurry II in the cells is removed by an air stream. The support having the slurry II deposited 
55 thereon is then dried with, for example, hot air, preferably hot air at 20 to 100'C, until at least 50% of 
water, preferably at least 90% of water, is removed. After drying in this manner, the support is calcined, for 
example in air, at a temperature of 200 to 900° C, preferably 300 to 800 'C, for a period of 10 minutes to 10 
hours, preferably 15 to 60 minutes. When the temperature of the support is relatively slowly elevated in the 
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calcination, the above drying operation may be omitted. 

The above slurry deposition step can lead to deposition of 5 to 100 g of the rhodium-carrying alumina 
and 1 to 50 g of zirconium oxide on the support (e.g., monolithic support). 

The following examples illustrate the invention in more detail. The invention, however, is not limited by 
5 these examples. 

Production of catalysts 

EXAMPLE 1 

70 

1.2 kg of gamma-alumina (average particle diameter about 20 microns) was put in a mixer. While the 
gamma-alumina was stirred by the mixer, 400 ml of an aqueous amine solution of hexahydroxoplatinic acid 
(containing (12.63 g of Pt) was added dropwise little by little and dispersed uniformly. Then, 200 ml of 15% 
by weight acetic acid was added dropwise little by little to gamma-alumina being stirred by the mixer, and 

75 uniformly dispersed. 727 g (calculated as the dry weight) of the platinum-containing alumina, 273 g of 
cerium oxide (average particle diameter about 15 microns), 50 ml of acetic acid and 550 ml of pure water 
were put in a porcelain pot, and milled for about 3 hours to form a slurry. The alumina and cerium oxide in 
the slurry had an average particle diameter of about 3.5 microns. The slurry was transferred to a 2-liter 
vessel, and pure water was added to adjust the specific gravity of the slurry to 1.56 g/ml. The slurry was 

20 deposited for 5 seconds on a cylindrical cordierite monolithic carrier (diameter 93 mm, length 147.5 mm, 
volume 1.0 liter, 46.5 cells/cm 2 [300 cells/in 2 ]). The excess of the slurry in the cells was removed by an air 
stream. Furthermore, about 90% of water was removed by using hot air at 30 to 60* C, and the carrier was 
calcined in an air stream at 500 °C for 30 minutes. By the above series of steps, 80 g of the platinum- 
carrying alumina (containing 0.83 g of Pt) and 30 g of cerium oxide were deposited on the monolithic carrier 

25 to form a first layer (lower layer). 

Then, 1.2 kg of gamma-alumina was put in a mixer, and while the gamma-alumina was stirred by the 
mixer, 400 ml of an aqueous solution of rhodium nitrate (containing 13.40 g of Rh) was added dropwise little 
by little and dispersed uniformly. Subsequently, 150 ml of 15% by weight acetic acid was added dropwise 
little by little to the gamma-alumina being stirred in the mixer, and uniformly dispersed. 500 g (calculated as 

30 the dry weight) of the rhodium-containing alumina, 30 ml of acetic acid and 580 g (117 g as zirconium 
oxide) of zirconyl acetate, and 350 ml of pure water were put in a porcelain pot, and milled for about 3 
hours to form a slurry. The alumina in the slurry had an average particle diameter of about 3 microns. The 
slurry was transferred to a 2-liter vessel, and pure water was added to adjust its specific gravity to 1.17 
g/ml. 

35 The slurry was deposited on the monolithic carrier, followed by calcination, by performing the same 
steps as used in depositing the lower layer on the monolithic carrier. As a result, 1 5 g of rhodium-carrying 
alumina (containing 0.17 g of Rh) and 3.5 g of zirconium oxide were deposited as a second layer (upper 
layer). 

The above steps gave a catalyst (sample No. 1) having a lower layer (110 g/liter of catalyst) of the 
40 platinum-carrying alumina/cerium oxide and an upper layer (18.5 g/liter of catalyst) of the rhodium-carrying 
alumina/zirconium oxide. 

EXAMPLE 2 

45 By the same method as in Example 1, a lower layer (110 g/liter of catalyst) of platinum-carrying 
alumina/cerium oxide was deposited on a monolithic carrier (1 liter). Then, rhodium-carrying alumina and a 
slurry were prepared by the same method as in Example 1 except that the amount of Rh in the aqueous 
solution of rhodium nitrate was decreased to 6.70 g. Subsequently, the specific gravity of the slurry was 
adjusted to 1.25 g/ml, and the process from deposition to calcination was carried out by the same method 

50 as in Example 1 to deposit 30 g of rhodium-carrying alumina (containing 0.17 g of Rh) and 7 g of zirconium 
oxide (total 37 g) were deposited on the monolithic carrier. The above steps gave a catalyst (sample No. 2) 
having a lower layer (110 g/liter of catalyst) of the platinum-carrying alumina/cerium oxide and an upper 
layer (37 g/liter of catalyst) of the rhodium-carrying alumina/zirconium oxide. 

55 COMPARATIVE EXAMPLE 1 

By the same method as in Example 1, a lower layer (110 g/liter of catalyst) of platinum-carrying 
alumina/cerium oxide was deposited on a monolithic carrier (1 liter). Then, rhodium-carrying alumina was 
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prepared by the same method as in Example 1 except that the amount of Rh in the aqueous rhodium 
nitrate solution was decreased to 3.35 g. Then, without adding pure water, a slurry was prepared by the 
same method as in Example t. The specific gravity of the slurry was adjusted to 1.48 g/ml by adding pure 
water, and thereafter, the process from deposition to calcination was carried out by the same method as in 
5 Example 1 to deposit 60 g of the rhodium-carrying alumina (containing 0.17 g of Rh) and 14 g of zirconium 
oxide (total 74 g) on the monolithic carrier. The foregoing steps gave a catalyst (sample No. 3) having a 
lower layer (110 g/ liter of catalyst) of the platinum-carrying alumina/cerium oxide and an upper layer (74 
g/liter of catalyst) of the rhodium-carrying alumina/zirconium oxide. 

w COMPARATIVE EXAMPLE 2 

By the same method as in Example 1, a lower layer (110 g/liter of catalyst) of platinum-carrying 
alumina/cerium oxide was deposited on a monolithic carrier (1 liter). Then, rhodium-carrying alumina was 
prepared by the same method as in Example 1 except that the amount of Rh in the aqueous rhodium 

75 nitrate solution was decreased to 2.23 g. Then, by the same method as in Comparative Example 1, a slurry 
was prepared. The specific gravity of the slurry was adjusted to 1.53 g/ml by adding pure water, and 
thereafter, the process from deposition to calcination was carried out by the same method as in Example 1 
to deposit 90 g of the rhodium-carrying alumina (containing 0.17 g of Rh) and 21 g of zirconium oxide (total 
111 g) on the monolithic carrier. The foregoing steps gave a catalyst (sample No. 4) having a lower layer 

20 (110 g/liter of catalyst) of platinum-carrying alumina/cerium oxide and an upper layer (111 g/liter of catalyst) 
of rhodium-carrying alumina/zirconium oxide. 

EXAMPLE 3 

25 Platinum-carrying alumina and a slurry were prepared by the same method as in Example 1 except that 
the amount of Pt in the aqueous amine solution of hexahydroxoplatinic acid was increased to 42.10 g. The 
specific gravity of the slurry was adjusted to 1.30 g/ml by adding pure water, and then the process from 
deposition of the slurry on a monolithic carrier (1 liter) to calcination was carried out by the same method as 
in Example 1 to deposit 24 g of the platinum-carrying alumina (containing 0.83 g of Pt) and 9 g of cerium 

30 oxide (total 33 g) on the monolithic carrier. Subsequently, by the same method as in Example 1 , an upper 
layer (37 g/liter of catalyst) of rhodium-carrying alumina/zirconium oxide was deposited on the carrier. The 
foregoing steps gave a catalyst (sample No. 5) having a lower layer (33 g/liter of catalyst) of the platinum- 
carrying alumina/cerium oxide and an upper layer (37 g/liter of catalyst) of the rhodium-carrying 
alumina/zirconium oxide. 

35 

EXAMPLE 4 

Platinum-carrying alumina and a slurry were prepared by the same method as in Example 1 except that 
the amount of Pt in the aqueous amine solution of hexahydroxoplatinic acid was increased to 21.05 g. The 

40 specific gravity of the slurry was adjusted to 1.43 g/ml by adding pure water, and then by the same method 
as in Example 1 , the process from deposition of the slurry on a monolithic carrier (1 liter) to calcination was 
carried out by the same method as in Example 1 to deposit 48 g of the platinum-carrying alumina 
(containing 0.83 g of Pt) and 18 g of cerium oxide (total 66 g) on the monolithic carrier. Subsequently, by 
the same method as in Example 1, an upper layer (37 g/liter of catalyst) of rhodium-carrying 

45 alumina/zirconum oxide was deposited on the carrier. The above steps gave a catalyst (sample No. 6) 
having a lower layer (66 g/liter of catalyst) of the platinum-carrying alumina/cerium oxide and an upper layer 
(37 g/liter of catalyst) of the rhodium-carrying alumina/zirconium oxide. 

EXAMPLE 5 

50 

Platinum-carrying alumina was prepared by the same method as in Example 1 except that the amount 
of Pt in the aqueous amine solution of hexahydroxoplatinic acid was decreased to 9.72 g. A slurry was then 
prepared by the same method as usd in Example 1 except that the amount of pure water was decreased to 
450 ml. The specific gravity of the slurry was adjusted to 1.62 g/ml by adding pure water. Thereafter, the 
55 process from the deposition of the slurry on a monolithic carrier (1 liter) to calcination was carried out in the 
same way as in Example 1 to deposit 104 g of the platinum-carrying alumina (containing 0.83 g of Pt) and 
39 g of cerium oxide (total 143 g) on the monolithic carrier. Subsequently, by the same method as in 
Example 1, an upper layer (37 g/liter of catalyst) of rhodium-carrying alumina/zirconium oxide was 
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deposited on the carrier. The foregoing steps gave a catalyst (sample No. 7) having a lower layer (143 
g/liter of catalyst) of the platinum-carrying alumina/cerium oxide and an upper layer (37 g/liter of catalyst) of 
the rhodium-carrying alumina/zirconium oxide. 

5 EXAMPLE 6 

Platinum-carrying alumina and a slurry were prepared by the same method as in Example 1 except taht 
the amount of Pt in the aqueous amine solution of hexahydroxoplatinic acid was decreased to 7.98 g. The 
specific gravity of the slurry was adjusted to 1 .64 g/ml by adding pure water. Thereafter, the process from 

10 the deposition of the slurry on a monolithic carrier (1 liter) to calcination was carried out in the same way as 
in Example 1 to deposit 128 g of the platinum-carrying alumina (containing 0.83 g of Pt) and 48 g of cerium 
oxide (total 176 g) on the monolithic carrier. Subsequently, by the same method as in Example 1, an upper 
layer (37 g/liter of catalyst) of rhodium-carrying alumina/zirconium oxide was deposited on the carrier. The 
foregoing steps gave a catalyst (sample No. 8) having a lower layer (176 g/liter of catalyst) of the platinum- 

75 carrying alumina/cerium oxide and an upper layer (37 g/liter of catalyst) of the rhodium-carrying 
alumina/zirconium oxide. 

COMPARATIVE EXAMPLE 3 

20 A lower layer (110 g/liter of catalyst) of platinum-carrying alumina/cerium oxide was deposited on a 
monolithic carrier having the same size as in Example 1 by the same method as in Example 1. Then, 
rhodium-carying aluminum was prepared by the same method as in Example 1. The process from the 
preparation of a slurry (specific gravity 1.18 g/ml) to deposition and calcination was carried out by the same 
method as in Example 1 except that zirconyl acetate was not added, thereby to deposit 30 g of the 

25 rhodium-carrying alumina (containing 0.17 g of Rh) further on the monolithic carrier. The foregoing steps 
gave a catalyst (sample No. 9) having a lower layer (110 g/liter of catalyst) of the platinum-carrying 
alumina/cerium oxixde and an upper layer (30 g/liter of catalyst) of the rhodium-carrying alumina. 

COMPARATIVE EXAMPLE 4 

30 

Platinum-carrying alumina was preapared by the same method as in Example 1, and then without 
adding cerium oxide, a slurry was prepared by the same method as in Example 1. The specific gravity of 
the slurry was adjusted to 1.48 g/ml by adding pure water. By the same method as in Example 1, the 
process from deposition of the slurry on a monolithic carrier having the same size as in Example 1 to 
35 calcination was carried out to deposit 80 g of the platinum-carrying alumina (containing 0.83 g of Pt). 
Subsequently, by the same method as in Example 1, an upper layer (37 g/liter of catalyst) of rhodium- 
carrying alumina/zirconum oxide was deposited on the carrier. The foregoing steps gave a catalyst (sample 
No. 10) having a lower layer (80 g/liter of catalyst) of the platinum-carrying alumina and an upper layer (37 
g/liter of catalyst) of the rhodium-carrying alumina/zirconium oxide. 

40 

COMPARATIVE EXAMPLE 5 

By the same method as in Comparative Example 1, a lower layer of platinum-carrying alumina (80 g/ml 
of catalyst) was formed on a monolithic carrier having the same size as in Example 1. Then, by the same 
45 method as in Comparative Example 3, a layer (30 g/liter of catalyst) of rhodium-carrying alumina was 
deposited on it to form a catalyst (sample No. 1 1 ). 

EXAMPLE 7 

50 Example 1 was repeated except that a monolithic carrier having the same volume as in Example 1 (1 
liter) but having 62 cells/cm 2 [400 cells/in 2 ] was used. There was obtained a catalyst (sample No. 12) having 
a lower layer (110 g/liter of catalyst) of platinum-carrying alumina and cerium oxide and an upper layer (37 
g/liter of carrier) of rhodium-carrying alumina/ zirconium. 

55 Test for the performance of the catalyst 

Each of the catalysts (samples Nos. 1 to 12) obtained in Examples 1 to 7 and Comparative Examples 1 
to 5 was calcined in a muffle furnace at 950 *C for 6 hours. A model gas composed of 1.0% of CO, 500 
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ppm of C3H5, 0.1% of NO, 0.33% of H 2 , 0.845% of 0 2l 14% of C0 2 , 10% of H 2 0 and the balance being 
N 2 gas was passed over the calcined catalyst at a space velocity of 5 x 10 4 hr"\ and the conversions of 
substances to be controlled (CO, C3H6, NO) were examined. The temperature of the reaction gas was 
adjusted to 370° C. The results are shown in Table 1. 
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It is seen from Table 1 that when the amount of the inside layer (the lower layer) is constant, the ratios 
of removal of CO, C3H6 and NO rapidly decrease if the amount of the outside layer (upper layer) exceeds 
about 60 g/liter (Examples 1 and 2, Comparative Examples 1 and 2). 

It is seen on the other hand that when the amount of the second layer (upper layer) is kept constant, 
5 variations in the amount of the first layer (lower layer) do not substantially affect the ratios of removal of CO, 
C 3 H 6 and NO (Examples 3 to 6). 

The use of a monolithic carrier having 400 cells (Example 7) gives the same excellent effects of 
removing CO, C3H6 and NO as in the case of using a monolithic carrier having 300 cells (Examples 1 to 6). 

The ratios of removal of CO, C3H6 and NO are drastically reduced when the first layer (lower layer) 
to does not contain cerium oxide [Comparative Example 3], the second layer (upper layer) does not contain 
zirconium oxide [Comparative Example 4] and the first layer (lower layer) does not contain cerium oxide 
and the second layer (upper layer) does not contain zirconium oxide [Comparative Example 5]. 

4. Brief Description of the Drawing 

15 

Figure 1 is a catalyst model used in calculating the thicknesses of the first layer (lower layer) and the 
second layer (upper layer) of the catalyst in accordance with this invention. 

1 monolithic support; 2 first layer (lower layer); 3 second layer (upper layer). 

20 Claims 

1. A catalyst for purifying exhaust gases essentially comprising a substantially catalytically inert, refractory 
monolithic support, a first layer containing a catalytically active refractory oxide formed on the support, 
and a second layer containing a catalytically active refractory oxide formed on the first layer, 

25 characterized in that the first layer contains cerium oxide and platinum and has a weight of 10 to 200g 
per litre of the catalyst, and the second layer has a weight of 5 to 60g per litre of the catalyst and 
contains i) rhodium in an amount of from 0.002 to 2g per litre of catalyst, and ii) a zirconium compound. 

2. The catalyst set forth in claim 1 wherein the support has continuous longitudinal unobstructed flow 
30 channels each extending through the support and defined by a thin wall, the first layer is deposited on 

the walls of the channels, and the catalytically active refractory oxide of one or both layers is finely 
divided and has a specific surface area of at least about 10m 2 /g. 

3. The catalyst set forth in claim 1 or claim 2 wherein the first layer has a thickness of 5 to 110 microns, 
35 and the second layer has a thickness of 3 to 35 microns. 

4. The catalyst set forth in any preceding claim wherein the catalytically active refractory oxide is active 
alumina. 

40 5. The catalyst set forth in any one of claims 1 to 4 wherein the support is composed of refractory metal 
or refractory metal oxide. 

6. The catalyst set forth in claim 5 wherein the support is composed of cordierite. 

45 7. The catalyst set forth in any of claims 1 to 6 wherein the weight of cerium oxide is 15 to 40% by weight 
based on the weight of the first layer. 

8. The catalyst set forth in any of claims 1 to 7 wherein the weight of platinum is 0.1 to 3.5% by weight 
based on the weight of the first layer. 

50 

9. The catalyst set forth in any of claims 1 to 8 wherein the zirconium compound is zirconium oxide. 

10. The catalyst set forth in any of claims 1 to 9 wherein the weight of the zirconium compound is 10 to 
30% by weight based on the weight of the second layer. 

55 

11. The catalyst set forth in any of claims 1 to 9 wherein the weight of rhodium is 0.05 to 2.00% by weight 
based on the weight of the second layer. 
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12. A process for producing a catalyst according to any preceding claim which comprises depositing a first 
slurry containing a finely divided catalytically active refractory oxide and/or its precursor, cerium oxide 
or another cerium compound, and platinum or a platinum compound on a substantially catalytically inert 
refractory monolithic support, drying the support having the first slurry deposited thereon, thereafter 

5 depositing a second slurry containing a finely divided catalytically active refractory oxide and/or its 
precursor, zirconium oxide or another zirconium compound and rhodium or a rhodium compound on 
the support, and calcining the support having the second slurry deposited thereon. 

13. The process set forth in claim 12 wherein the platinum compound in the first slurry is platinum 
io hydroxide. 

14. The process set forth in claim 12 or claim 13 wherein the rhodium compound in the second slurry is 
rhodium nitrate. 

75 15. The process set forth in any of claims 12 to 14 wherein the zirconium compound in the second slurry is 
zirconyl acetate. 

Patentanspruche 

20 1. Katalysator zum Reinigen von Abgasen, der im wesentlichen einen katalytisch inerten, hitzebestandigen 
monolithischen Trager, eine erste Schicht, die ein katalytisch aktives hitzebestandiges Oxid enthalt, die 
auf dem Trager gebildet ist, und eine zweite Schicht, die ein katalytisch aktives hitzebestandiges Oxid 
enthalt, die auf der ersten Schicht gebildet ist, umfafit, dadurch gekennzeichnet, dafl die erste 
Schicht Ceroxid und Platin enthalt und ein Gewicht von 10 bis 200 g/l des Katalysators hat und die 

25 zweite Schicht ein Gewicht von 5 bis 60 g/l des Katalysators hat und i) Rhodium in einer Menge von 
0,002 bis 2 g/l des Katalysators und ii) eine Zirconiumverbindung enthalt. 

2. Katalysator nach Anspruch 1, worin der Trager ununterbrochene in Langsrichtung verlaufende ungehin- 
derte Flieflkanale hat, die sich jeweils durch den Trager hindurch erstrecken und durch eine dunne 

30 Wand begrenzt sind, die erste Schicht auf den Wanden der Kanale abgeschieden ist und das 
katalytisch aktive hitzebestandige Oxid von einer Oder beiden Schichten fein verteilt ist und eine 
spezifische Oberflache von mindestens etwa 10 m 2 /g hat. 

3. Katalysator nach Anspruch 1 oder Anspruch 2, worin die erste Schicht eine Dicke von 5 bis 110 urn 
35 und die zweite Schicht eine Dicke von 3 bis 35 urn hat. 

4. Katalysator nach einem der vorhergehenden Anspruche, worin das katalytisch aktive hitzebestandige 
Oxid aktives Aluminiumoxid ist. 

40 5. Katalysator nach einem der Anspruche 1 bis 4, worin der Trager aus hitzebestandigem Metal! Oder 
hitzebestandigem Metalloxid zusammengesetzt ist. 

6. Katalysator nach Anspruch 5, worin der Trager aus Cordierit zusammengesetzt ist. 

45 7. Katalysator nach einem der Anspruche 1 bis 6, worin das Gewicht des Ceroxids 15 bis 40 Gew.-%, 
bezogen auf das Gewicht der ersten Schicht, ist. 

8. Katalysator nach einem der AnsprOche 1 bis 7, worin das Gewicht des Platins 0,1 bis 3,5 Gew.-%, 
bezogen auf das Gewicht der ersten Schicht, ist. 

50 

9. Katalysator nach einem der Anspruche 1 bis 8, worin die Zirconiumverbindung Zirconiumoxid ist. 

10. Katalysator nach einem der Anspruche 1 bis 9, worin das Gewicht der Zirconiumverbindung 10 bis 30 
Gew.-%, bezogen auf das Gewicht der zweiten Schicht, ist. 

55 

11. Katalysator nach einem der Anspruche 1 bis 9, worin das Gewicht des Rhodiums 0,05 bis 2,00 Gew.- 
%, bezogen auf das Gewicht der zweiten Schicht, ist. 
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12. Verfahren zum Herstellen eines Katalysators nach einem der vorhergehenden Anspruche, welches das 
Abscheiden einer ersten Aufschlammung, die ein fein verteiltes katalytisch aktives hitzebestandiges 
Oxid und/oder seinen Vorlaufer, Ceroxid Oder eine andere Cerverbindung und Platin Oder eine 
Platinverbindung auf einem im wesentlichen katalytisch inerten hitzebestandigen monolithischen Trager 

5 enthalt, das Trocknen des Tragers, auf dem die erste Aufschlammung abgeschieden ist, das anschlie- 

Gende Abscheiden einer zweiten Aufschlammung, die ein fein verteiltes katalytisch aktives hitzebestan- 
diges Oxid und/oder ihren Vorlaufer, Zirconiumoxid oder eine andere Zirconiumverbindung und Rhodi- 
um Oder eine Rhodiumverbindung auf dem Trager enthalt, und das Calcinieren des Tragers, auf dem 
die zweite Aufschlammung abgeschieden ist, umfatft. 

10 

13. Verfahren nach Anspruch 12, worin die Platinverbindung in der ersten Aufschlammung Platinhydroxid 
ist. 

14. Verfahren nach Anspruch 12 oder Anspruch 13, worin die Rhodiumverbindung in der zweiten Auf- 
is schlammung Rhodiumnitrat ist. 

15. Verfahren nach einem der Anspruche 12 bis 14, worin die Zirconiumverbindung in der zweiten 
Aufschlammung Zirconylacetat ist. 

20 Revendications 

1. Un catalyseur pour purifier des gaz d'echappement, comportant essentiellement un support monolithi- 
que refractaire, pratiquement inerte du point de vue catalytique, une premiere couche renfermant un 
oxyde refractaire catalytiquement actif, formee sur te support, et une seconde couche renfermant un 
25 oxyde refractaire catalytiquement actif, formee sur la premiere couche, caracterise en ce que la 
premiere couche renferme de I'oxyde de cerium et du platine et a un poids de 10 a 200 g/l de 
catalyseur, et que la seconde couche a un poids de 5 a 60 g/l de catalyseur et renferme (i) du rhodium 
en une quantite de 0,002 a 2 g par litre de catalyseur et (ii) un compose du zirconium. 

30 2. Le catalyseur specifie dans la revendication 1 dans lequel le support presente des canaux d'ecoule- 
ment longitudinaux, non obstrues, chacun s'etendant a travers le support et etant delimite par une paroi 
mince, la premiere couche est deposee sur les parois des canaux, et I'oxyde refractaire, catalytique- 
ment actif, de Tune ou des deux couches est finement divise et a une surface specifique d'au moins 
environ 10 m 2 /g. 

35 

3. Le catalyseur specifie dans la revendication 1 ou la revendication 2, dans lequel la premiere couche a 
une epaisseur de 5 a 1 10 microns et la seconde couche a une epaisseur de 3 a 35 microns. 

4. Le catalyseur specifie dans Tune des revendications precedentes, dans lequel I'oxyde refractaire 
40 catalytiquement actif est de I'alumine active. 

5. Le catalyseur specifie dans Tune quelconque des revendications 1 a 4 dans lequel le support est 
constitue d'un metal refractaire ou d'un oxyde refractaire de metal refractaire. 

45 6. Le catalyseur specifie dans la revendication 5, dans lequel le support est constitue de cordierite. 

7. Le catalyseur specifie dans I'une quelconque des revendications 1 a 6, dans lequel le poids d'oxyde de 
ceVium est de 15 a 40% en poids en se basant sur le poids de la premiere couche. 

50 8. Le catalyseur specifie dans I'une quelconque des revendications 1 a 7, dans lequel le poids de platine 
est de 0,1 a 3,5% en poids, en se basant sur le poids de la premiere couche. 

9. Le catalyseur specifie* dans I'une quelconque des revendications 1 a 8 dans lequel le compose du 
zirconium est I'oxyde de zirconium. 

55 

10. Le catalyseur specifie* dans I'une quelconque des revendications 1 a 9, dans lequel le poids du 
compose de zirconium est de 10 a 30% en poids, en se basant sur le poids de la seconde couche. 



12 



EP 0 262 962 B1 

11. Le catalyseur specif ie dans Tune quelconque des revendications 1 a 9, dans lequel le poids de 
rhodium est de 0,05 a 2,00% en poids, en se basant sur le poids de la seconde couche. 

12. Un procSde pour la preparation d'un compost selon Tune quelconque des revendications precedentes, 
5 qui consiste a deposer une premiere emulsion renfermant un oxyde refractaire, catalytiquement active, 

finement divisee, et/ou son precurseur, de Toxyde de cerium ou un autre compose du cerium, et du 
platine ou un compose du platine sur un support monolithique refractaire, pratiquement inerte du point 
de vue catalytique, a secher le support sur lequel la premiere suspension a ete deposee, a deposer 
par la suite, une seconde suspension renfermant un oxyde refractaire finement divise, catalytiquement 
70 actif et/ou son precurseur, de r oxyde de zirconium ou un autre compose du zirconium et du rhodium, 
ou un compost du rhodium sur le support, et a calciner le support sur lequel la seconde suspension a 
ete deposee. 

13. Le procede specifie dans la revendication 12, dans lequel le compose du platine dans la premiere 
75 suspension est I'hydroxyde de platine. 

14. Le procede specifie dans la revendication 12 ou la revendication 13, dans lequel le compose du 
rhodium dans la seconde suspension est le nitrate de rhodium. 

20 15. Le procede specifie dans Tune quelconque des revendications 12 a 14, dans lequel le compose du 
zirconium dans la seconde suspension est ('acetate de zirconyle. 
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